Rice was grown in an open-field Gangetic soil condition with arsenic amended irrigation water in experimental plot at Institute of Environmental Science of Rajshahi University to see the effect of arsenic (As) on growth and yield of rice (Oryza sativa L.). A popular aman rice variety named BR-11 was cultivated with arsenic amended irrigation water (0 mg, 0.1 mg, 0.5 mg, 1.0 mg, 2.0 mg and 4.0 mg/L As containing water) in a green house made of transparent poly-ethylene paper. Sodium arsenate (Na 2 HAsO 4 ) was added to irrigation water for arsenic source. The tillers number, panicle length and grain yield of BR-11 rice were found to decrease significantly (p≤0.05) with increase of arsenic (As) concentration in irrigation water. The highest values of plant height and straw yield was observed in 0.5 mgL -1 treatment, whereas highest tillers number, panicles number, panicle length and grain yield were found in control treatment. The lowest values of these parameters were observed in the treatment of 4.0 mgL -1 As containing irrigation water.
Introduction
In Bangladesh, arsenic contamination of groundwater was confirmed in 1993 (British Geological Survey, 2000) . Much of the shallow groundwater in southern Bangladesh and the eastern part of West Bengal, India, is naturally contaminated with As (BGS and DPHE, 2001) , exposing more than 40 million people to unsafe levels of As in drinking water (Smith et al. 2000; World Bank, 2005) . Arsenic contamination potentially threatening food security as As can be toxic to rice (Marin et al. 1992; Yan et al. 2005) . Widespread arsenic (As) pollution of shallow tube well (STW) irrigation water and increasing accumulation of As in soils have become a major threat to rice production. Rice is the staple food of Bangladesh (Hossain et al. 2008; Panaullah et al. 2009) . About 70% of the total arable land area is currently irrigated from shallow tube wells (BGS and DPHE, 2001) . Arsenic contaminated irrigation water has been shown to lead to elevated levels of As in paddy soil and soil solution (Meharg and Rahman 2003; Van Geen et al. 2006; Dittmar et al. 2007 ). Artificially elevated levels of As in irrigation water or soil can reduce growth and productivity of rice (Abedin et al. 2002; Delowar et al. 2005; Islam et al. 2004) . Use of high As irrigation water can increase the As level in soil (Hossain et al. 2008; Khan et al. 2009) , decrease the rice yields Heikens et al. 2007; Panaullah et al. 2009 ). However, there have been limited research done in open-field gangetic soil condition on effect of arsenic contaminated irrigation water on growth and yield of rice (Oryza sativa L). Thus the present study was conducted to fulfill the following specific objectives:
( a) to observe the impact of irrigation water arsenic on growth and yield of BR-11 rice, (b) to find out the permissible limit of arsenic in irrigation water for rice cultivation.
Materials and Methods

Experimental Site
This field experiment was conducted in a green house made of transparent poly-ethylene paper at Institute of Environmental Science of Rajshahi University located in north-western part of Bangladesh during August to December 2011. The study site has subtropical and humid climate with adequate sunshine during day time.
Soil condition
The experiment was conducted in Gangetic soil condition. The properties of soil were total Nitrogen 0.04±0.02%, available P 25.3±0.04 ppm, available K 0.21±0.03 mol/kg, available S 15.7±0.05 ppm, available Z 0.68±0.04 ppm, pH 7.7±0.03, organic matter 0.80±0.05 and background total arsenic (As) 5.60±0.05 ppm.
Rice variety
Rice variety, BR-11 is very popular aman variety in Bangladesh. This rice variety was cultivated for this experiment.
Seedling Transplantation
Thirty-five days old seedlings were uprooted carefully from the seedbed in the morning from the Bangladesh Rice Research Institute, Rajshahi station and four seedlings for each hill with three replications were transplanted on the same day in experimental field on 7 th August 2011. The seedlings which died within 6 days of transplantation were discarded and new seedlings were replaced.
Intercultural application a) Fertilizer application
To support the plant growth, urea, triple super phosphate (TSP), murate of potash (MP) and gypsum fertilizer were applied for nitrogen, phosphorus, potassium, and sulfur, respectively. The first spilt (one third of the dose) of urea and full doses of all other fertilizers were incorporated into the soil by hand before two days of seedling transplantation. The second and third splits of urea were applied after 30 (maximum tillering stage) and 70 (panicle initiation stage) days of transplantation, respectively. One insecticide named fighter was applied into the soil to kill the insects and aphids those attacked the rice plants.
b) Arsenic source
Sodium arsenate (Na 2 HAsO 4 ) was used for arsenic source.
c) Irrigation and Treatment
Six arsenic treatments 0.0, 0.1, 0.5, 1.0, 2.0, and 4.0 mg/L As containing irrigation water were used in this experiment. After transplantation of rice seedlings, 3-4 cm water above soil level was maintained in each treatment throughout the growth period. Irrigation was stopped before 10 days of harvest.
d) Sample collection and preservation
The rice plants were cut at 4 cm above the soil. Rice grain was harvested at their maturity stage (120 days after transplantation) on 7 th December 2011. Then the collected samples (straw and rice grain) from each treatment were tagged properly and sun dried for 3 days and then keeping the samples on a wooden table. The sun dried samples were stored in a drying cabinet at 45°C. Before taking the final weight, all samples were oven dried at 65°C for 72 hour.
e) Statistical analysis
The analysis of variance (ANOVA) for rice growth and yield parameters of BR-11 rice were done for least significance difference (LSD). Duncan's multiple range test (DMRT) was used for mean comparisons of the treatment at 5% level. Azad et al. (2009) found that arsenic (As) had a significant (p≤0.5) effect on the reduction of plant height of T-aman rice. We found that plant height was increased up to the application of 0.5 mgL -1 arsenic and thereafter at higher concentration of arsenic had caused a gradual decrease of plant height. Xie and Huang (1994) also reported that lower concentration of arsenic through irrigation water had stimulatory effect for rice.
Results and Discussion
a) Effect of arsenic amended irrigation water on growth of BR-11 rice
Plant height
The tallest (96.64±0.73cm) and smallest (82.66±7.6 cm) plant height were found in 0.5 and 4.0 mgL -1 arsenic amended plots (Table-1 ). This study found a negative correlation (r²=0.818) between arsenic in irrigation water and plant height. Abedin et al. (2002) also found that arsenic contaminated irrigation water significantly reduced the plant height. Values (mean±SE) without common letters are statistically significant (DMRT, p≤0.05) Tillering Chino (1981) reported that tillers of rice to be severely depressed with high concentration of As .We found that arsenic in irrigation water up to 1.0 mg/L did not affect the tillers number significantly. But a higher concentration of arsenic significantly decreased the total number of tillers per plant. Abedin et al. (2002) also observed that tillers number was reduced significantly with increase of arsenic concentration in irrigation water up to 8 mgL -1
. The highest number (24.00a) of tillers was observed in control treatment and lowest number (15.00b) was observed in 4.0 mg/L arsenic treated plot ( Table-1 ). We found a negative correlation (r²=0.611) between arsenic in irrigation water and tillers number. Khan et al. (2010) also found that the addition of arsenic significantly reduced tillering. Azad et al. (2009) reported that the panicles number of T-aman rice were not affected at low doses of As in soil but significantly affected the panicles number at higher doses. This study found that panicles number was decreased with increase of arsenic concentration in irrigation water but the differences were not statistically significant. The highest panicle number (16.00±02a) was observed in control treatment and the lowest panicle number (9.67±3.18a) was found in 4.0 mgL -1 treatment (Table 1) . Arsenic in irrigation water and panicle number had negative relation.
Panicle number
Panicle length
The panicles length were not affected significantly up to 1.0 mgL -1 arsenic treatment, but thereafter the panicles length were decreased significantly (p≤o.5) with increase of arsenic in irrigation water. Azad et al. (2009) also found that the panicles length of T-aman rice were not affected at low doses of As in soil but affected significantly at higher doses of As. The highest panicle length (24.20±0.69cm a) and the lowest panicle length (21.83±0.84cm b) were observed in control and 4.0 mgL -1 arsenic treated plot, respectively (Table 1) . Arsenic in irrigation water and panicles length had a negative correlation (r²=0.465). Abedin (2002) found that presence of arsenic as arsenate at a higher concentration in irrigation water significantly reduced (p<0.001) the 1000 grain weight. We found that thousand grain weights were decreased with increasing of arsenic in irrigation water but the differences were not statistically significant. Tsutsumi (1980) also reported that arsenic could reduced 1000 grain weight. The highest grain weight (18.84±0.94g) and lowest grain weight (12.5±5.11g) were recorded in control and 4.0 mgL -1 arsenic treatment plot, respectively (Table 1) . Arsenic in irrigation water and thousand grain weight were related antagonistically (r²=0.602). Wang et al. (2006) also reported that1000 grain weight was significantly reduced with increased As level in soil treated with two organoarsenic compound (p<0.01). Abedin et al. (2002) reported that grain yield was decreased significantly (p<0.001) with increase of arsenic concentration in irrigation water. We found that grain yield of BR-11 rice was decreased significantly with increase of arsenic concentration in irrigation water. There were also some reports of rice grain yield reduction due to As application for rice (Farn et al. 1988; Milan et al. 1988; Gilmour and Wells, 1988; Liu and Gao, 1987; Tsutsumi, 1980) . The highest grain yield (23.38±5.55g a) and lowest grain yield (7.24±2.3g b) were found in control and 4.0 mgL -1 arsenic treated plot, respectively ( Table 2 ). The grain yield was found to decrease drastically by 58.04% and 69.03% compared to control in 2.0 and 4.0 mg/L arsenic treatments, respectively (Table 2) . Hossain et al. (2009) also reported that grain yield of rice was decreased as the level of arsenic addition was increased, and the yield was reduced drastically with the 30 mg Askg -1 addition. We found that grain yield and arsenic concentration in irrigation water had a negative correlation (r²=0.485). Panaullah et al. (2009) also found rice grain was negatively correlated with soil-As concentration (r²=0.91). Values (mean±SE) without common letters are statistically significant (DMRT, p≤0.05) Khan et al. (2010) reported that straw yield was decreased significantly with As addition in irrespective of season, year, method and level of As application. We found that the straw yield of BR-11 rice was increased at 0.5 mgL -1 arsenic treatment and thereafter straw yield were decreased with increase of arsenic concentration in irrigation water but the differences were not statistically significant. The highest straw yield (39.07±4.08g a) and lowest straw yield (27.01±6.74g a) were found in 0.5 mgL -1 and 4.0 mgL -1 arsenic treatment (Table 2) . Arsenic concentration in irrigation water and straw yield had a negative correlation (r²=0.362). Hossain et al. (2009) also found a negative relationship between straw yield and As dose. The straw yield decreased by 7.77% and 14.25% compared to control in 2.0 mg/L and 4.0 mg/L arsenic treatments, respectively (Table  2) . Abedin et al. (2002) also found that straw yield were significantly (p<0.001) reduced with increase of arsenate concentration in irrigation water.
grain weight
b) Effect of arsenic amended irrigation water on yield of BR-11 rice
Grain yield
Straw yield
Conclusions
Rice growth and yield were significantly affected by arsenic in irrigation water (p≤0.05). Lower concentration of arsenic in irrigation water (up to 0.5 mgL -1 ) stimulated the rice growth and yield but higher concentration of arsenic in irrigation water (above 0.5 mgL -1 ) reduced the rice growth and yield markedly. Farmers of Bangladesh should avoid above 0.5 mgL -1 arsenic contaminated ground water for irrigation in rice cultivation.
